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4 Lecture of Operation Research 2 



Primal-Dual Computations: 
Example no. 1: 

Consider the linear programming model: 
Max Z = 3 XI + 2 X2 + 5 X3 
S.T: 

X1 + 2X2 + X3 <30 
3 XI + 2 X3 < 60 
X1 + 4X2<20 
X1,X2,X3 >0 
Standard Form: 

Max Z = 3 XI + 2 X2 + 5 X3 + SI + S2 + S3 
S.T: 

X1 + 2X2 + X3 +S1 = 30 
3X1 + 2 X3 + S2 = 60 

XI + 4X2 + S3 = 20 
X1,X2,X3,S1,S2,S3>0 
Check optimality and feasibility for the following basic solution: 



X = 



Si 
■S 3 



IM = 



1 -1/2 
1/2 
1 



Check optimality and feasibility <l^l ji^- ^ ^ Solution -il &* basic variable -II ^py ^-^ >J* 
.Check optimality J-&1 J^- Yl , Y2 , Y3 J m^I ^ LJ <u.Usa „j v^jjIIj 

IM v>^ AjJa o V Vj Feasible ls-^ ^ cW <-»j«l jLik. l^ wim* ^1 inverse Matrix -SI u^j 

.^oio Jl\ Constraints -U R.H.S -SI ^ 



Jl jj*c u^iAj ^Sic J&\ Constraints -S3 R.H.S Jl ^ IM Jl v>-^ Check Feasibility lU»> Vjt 
(jug ji*-oJI (>> Jal £ll=> jlj Feasible "^ J^JI ^iy ji^JI <_sjU>y jl tj- __>£! ^Jla jl ^JalLuA ^111 ouaJI Solution 

. Infeasible Solution 
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Then it is feasible solution. 

Jl\ ^jj ^ Objective Function -SI ,J SI , X3 , S3 -SI ££U*^ ^^JaA Yl , Y2 , Y3 -SI v*?^ »■£ **i 

. Yl , Y2 , Y3 -SI ^ ^ILaj Inverse Matrix -SI ^ 4jL*>}| JjI ^ ls-^ 

Max Z = 3 XI + 2 X2 + 5 X3 + SI + S2 + S3 



( y t r 2 y 3 ) = ( 5 ) 



Then 



1 -1/2 
1/2 
1 



= (0 5/2 0) 



K = 



F 2 = 5/2 



y, = 



XI Jl J*U. + Yl ^ JjVI Constraint -SI (> XI -SI d-l«M>^A .. Z-Row-SI ^ XI -31 J-U-. ^^ ».£ j*j 

Jl ^ xi Jl J-U- - Y3 ^ dJUl Constraint Jl ^ xi Jl J-U- + Y2 Jl ^ ^U3I Constraint Jl <J 

Optimality Jl <—*>-»• u 1 -^ Z-row Jl ^ XI Jl J*l*« <*£ v^lj Objective fun. 



XI Coeff. In Z-Row 



Yl + 3 Y2 + Y3 - 3 = + 3*5/2 + 0-3 = 9/2 



X2 J3 VJW 1^* j 



X2 Coeff. In Z-Row 



2 Yl + Y2 + 4 Y3 - 2 = 2*0 + 0*5/2 + 4*0 -2 = -2 



Z Jl <-i^» fjV Max Jl <As Maximization ^JUJIj J- ^ Z Jl <-»^» ^ X2 Jl £& Coefficient Jl »•£ 

Optimal u** oJ J^3' l?^ m^-j-j j**^ uj^j 
Then this solution not optimal. 



Example no. 2: 

For the linear programming problem iteration i is given in the following table: 

> Complete the table. 

> Check optimality and feasibility. 

MinZ = 2Xl + X2 
S.T: 



3X1 + X2>3 

4 XI + 3 X2 > 6 

X1 + 2X2<3 

X1,X2>0 

Standard Form: 

Min Z = 2 XI + X2 + SI + S2 + S3 + M Rl + M R2 

S.T: 

3X1 + X2 + S1+R1 = 3 

4X1 + 3X2 + S2 + R2 = 6 

XI + 2 X2 + S3 = 3 

X1,X2,S1,S2,S3, R1,R2>0 

Start iteration: 
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The iteration that I want to complete and check feasibility and optimality: 
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-SI (J Starting iteration -51 (J JN ^ XI -SI *j*& y>i» *&& XI -it ^j^- m^-I Ijj* Jj^SI J-SI 3*- 
-SI ^ ri ; R2 , S3 L«a t^JI Starting basic Variable -SI ^^ Jll Matrix -St ^ tfljl U^l IM -SI <-A> IM 

.y^ Jl*« Ul ,jlll iteration 
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1. J 



Z = 2 XI + X2 = 2*3/5 + 6/5 = 12/5 



_ll <Jj!sLoU_o t ,ij>t l^-J-o (jUllc iJliLjll 



o^S J*j I^jA Sjj^aJI Z -SI '"'.'> J S^iaJI Columns -SI (JS Cjja 0.1S 

Z-Row-SI ui Variables 



(Y 1 Y 2 Y 3 )=(2 1 ) 



3/5 -1/5 

-4/5 3/5 

1 -1 1. 



(2/5 1/5 0) 



Yl = 2/5 Y2 = 1/5 Y3 = 

R2 coeff. In Z-Row: 

+ Y2 -SI (J ^USI Constraint -SI ^ R2 -SI J-U- + Yl <J JjVI Constraint -SI ^ R2 -II J-U-. m> j=>a 
. Objective fun. -SI ^a R2 -SI J-U* - Y3 ^ ^^S' Constraint -SI ^ R2 -SI J-U- 



Yl + Y2 + Y3 - M = 0*2/5 + 1*1/5 + 0*0 - M = 1/5 - M 



And so on: 

51 coeff. In Z-Row: 
-Yl-0= -2/5 

52 Coeff. In Z-Row: 
- Y2 - = - 1/5 

Rl coeff. In Z-Row: 
Yl - M = 2/5 - M 



j soiAaJl Columns -M '"'j? 4-?-L=>- J^ '*'.'? VjI o^S 
. Check feasibility and optimality 
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jLl^j -US z Jl e-i^ij Min -UUitall ls-ijc-j Feasible "- 1 lW t^ m^-j- ^ Solution -M ^^-^ Check J«ci l-^i 

. Optimal *J JaJI i^jj s-ilL^j 

Sensitivity Analysis: 

Example no. 3: 



Consider the linear programming problem: 

Max Z = 3 XI + 2 X2 

S.T: 

X1 + 2X2<6 

2X1 + X2 < 8 

-X1 + X2 < 1 

X2 < 2 

XI , X2 > 



Max Z = 3 XI + 2 X2 + SI + S2 + S3 + S4 



S.T: 



XI + 2X2 + SI = 6 



2X1 + X2 +S2= 8 



X1 + X2 +S3= 1 



X2 +S4= 2 



X1,X2,S1,S2,S3,S4>0 



Dual: 

Min W = 6 Yl + 8 Y2 + Y3 + 2 Y4 

S.T: 

Yl + 2 Y2 - Y3 > 3 

2 Yl + Y2 + Y3 + Y4 > 2 

Yl, Y2 , Y3 , Y4 > 



Changes affecting feasibility : 

♦♦♦ Changing availability of resource ( R.H.S of Constraint ). 
♦♦♦ Adding a new constraint ( not redundant ). 
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a) bl:6^7 

IM lJ WSS Constraints -SS R.H.S J mj-^ »«£ <*hj 7 t*SI 6 t> JjVI Constraint -SI ^ R.H.S -SI jj±> 

jj*jj* Vj Feasible J- ^^j* lKSI ^jj^aj 
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> Then solution still feasible. 



New Solution 



X* 2 = 2 



X{ = 3 



Z* = 3 X x + 2 X 2 = 3*3 + 2*2 = 9 



b) b2 : 8 -» 4 
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<0 Then solution is infeasible. 
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Z New = 3*1/8 + 2*10/3 = 23/3 



Jai IJjIj (_s^jc JjiaJI ^i ^111 Sol. -SI -ij^C- U^ -daaJbj 
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oj (jUlla (jlll ajaJl Solution -SI J»U 



feasible -31 lM t_ij^lj Feasibility -II -^i. Ja.1 jLSk. Dual Simplex 



Basic 


XI 


X2 


SI 


S2 


S3 


S4 


Sol. 


Z 








1/3 


4/3 








23/3 


X2 





1 


2/3 


-1/3 








10/3 


XI 


1 





-1/3 


2/3 








1/8 


S3 








-1 


1 


1 





-2 


S4 








-2/3 


1/3 





1 


-4/3 




Basic 


XI 


X2 


SI 


S2 


S3 


S4 


Sol. 


Z 











5/3 


1/3 





21/3 


X2 





1 





1/3 


2/3 





6/3 


XI 


1 








1/3 


-1/3 





19/24 


SI 








1 


-1 


-1 





2 


S4 











-1/3 


-2/3 


1 






New Solution: 
Z 2 * = 6/3 



Zj = 19/24 



Z* = 21/3 



